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The b suu transitions are sensitive probes of new physics (NP) in 
the form of non-standard Z penguin effects. They involve four experimen- 
tally accessible observables, among which the inclusive rate of -B — )■ X^z/i/ 
is the most theoretically clean, but is challenging to study experimentally. 
Theory errors in exclusive rates are dominated by form factors' normaliza- 
tion. They can be reduced in rate ratios like the K* polarization fractions 
in 5 — )■ K*i>u or by studying the ratio Br{B~ — )■ K~i>i')/Br{B~ — )• 
K~i'^i~). Measurable NP effects in 6 — s/dvv can be expressed in terms 
of two real parameters and are generally correlated with other flavor ob- 
servables. Although in principle even in minimal flavor violating scenarios, 
NP can still saturate present direct bounds, in many explicit NP models 
new effects are already constrained by other B physics observables to be 
much smaller. Alternatively, b — )■ s/dE^\ss can receive contributions from 
particles other than neutrinos in the final state and strong modifications 
of the invariant mass spectra are possible. However, interpretation of 
such effects in terms of bounds on interactions of such new particles is 
nontrivial when experimental searches employ kinematical cuts or their 
signal reconstruction efficiencies depend on expected signal kinematical 
distributions. 
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1 Introduction 



Rare B decays with a vv pair in the final state are among the theoretically cleanest 
fiavor changing neutral current (FCNC) processes of B mesons. This is due to the 
absence of long distance QCD effects associated with photonic penguin amplitudes 
which dominate the low di-lepton invariant mass region in B decays with a charged 
lepton pair in the final state. 

With the advent of Super-B facilities [H E], the prospects of measuring the ex- 
clusive B — )• Kvv and B — )■ K*vv branching ratios in the near future have become 
realistic. This has motivated a renewed theoretical interest [3l H] in these decays and 
in particular in their ability to test the short distance physics related to Z penguin 
amplitudes. 

In addition, the experimental missing energy signature B — )■ K'^*''E^^^^ associated 
with the undetected neutrino pair also allows to probe physics beyond the standard 
model (SM) in the form of new light long-lived neutral particles, coupling to hs 
currents. Provided they are light enough to be produced in B decays associated with 
a K^*'' and sufficiently long-lived to escape the detector, they will contribute to the 
h — i- svv observables, since the two final states cannot be distinguished experimentally. 



2 Effective Hamiltonian 

The effective Hamiltonian for h — )■ svv transitional is generally given by 



^eff = -^^t^^*: ^ClOl + C^Ol) + h.C. , (1) 



with the operators 

= -^,{s^,PLh){vni - l,)v) , 0^ = -^{-s^^,P^h){vY{l - 1» ■ (2) 

In the SM, is negligible while = —X{xt)/ sin^6'^„, where Xt = mf/m^. The 
most recent evaluation of the function X{xt) [5J at NLO in QCD and electroweak 
corrections yields {C'[)sm = —6.33 ± 0.06 where the error is dominated by the top 
mass uncertainty. 



3 Observables 



3.1 B Xsuu 

The inclusive decay B — XgUu can be evaluated using heavy quark expansion and 
operator product expansion, and so offers the theoretically cleanest constraint on 

*The h — > dvv case can be recovered with the simple s ^ d quark flavor replacement. 
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the Wilson coefficients and C^. In the SM its dineutrino invariant mass (s = 
ijPu + Pu)^ / iTT-b) spectrum can be written as 

dT{B Xsi'u)sM r,a'^Gp 2 /n\\/ny\ i2c^ -^ io\ 
Js ""^^128^' '«(0)I(<^l)sm| 5(m„s), (3) 

where iS(ms,s) and /t(0) represent phase-space and virtual QCD corrections respec- 
tively. QCD corrections to the partonic rate are known at the one-loop order and 
yield k(0) = 0.83 [6l[7]. Leading 0(A^/m^) power corrections have also been deter- 
mined [6l IE] and result in an additional 3% reduction of the integrated rate. Residual 
perturbative & non-perturbative uncertainties have been estimated at 5% |3]. A com- 
mon approach to further reduce the parametric uncertainties related to the value of 
the b quark mass is to normalize eq. (|3]) to the inclusive semileptonic decay rate 
V[B — >■ XcCv). However, in this approach an additional uncertainty is introduced 
through the dependence of the semileptonic phase space factor on the charm quark 
mass. Recently a novel approach has been proposed [5| which refrains completely 
from this normalization and employs eq. ([3]) directly in combination with the h quark 
mass in the IS scheme [9j, which is known to a precision of about 1% pilj. Among 
the remaining parametric uncertainties in the SM, the CKM matrix elements iVJ^Vtbl 
contribute another 3% in the branching ratio (using [H]). All together, this leads 
to a precise prediction Br{B^ Xsi'y)sM = (2.7 ± 0.2) x 10"^ [3] . Unfortunately, 
the inclusive decay mode is very challenging to probe experimentally and the present 
bound from LEP [L2\ will be difficult to improve in the near future. 



3.2 B A'W 



The exclusive B^ — )■ K^vv mode presently exhibits the greatest sensitivity to C)^, 
bounding it to be within a factor of three compared to the SM value with Br{B^ — )■ 
K^uu) < 1.4 X 10~^ [13j. A positive SM signal at a Super-B factory is expected at an 
integrated luminosity of 10 ab~^ - five times less than for the B — )■ K*^^ mode [1], 
which is presently bounded at Br{B — )■ K*^!)) < 8.0 x 10~^ [H]. On the other hand, 
the K* in the final state offers an additional independent observable in the form of 
its longitudinal or transverse polarization fraction P| 

Experimentally, these are accessible through the angular distributions of the K* decay 
products (e.g. Kn) 

d^r 3(irT . 2. SrfEi /c-N 
— sm H — cos , (5) 



dsd cos 9 4: ds 2 ds 



2 



where 6 is the angle between the K* flight direction in the B rest frame and the K 
flight direction in the Kir rest frame. 

The main theoretical uncertainty in the exclusive modes is due to the normaliza- 
tion and the shape of the relevant form factors. Presently the most precise calculations 
of these are based on QCD sum rule techniques pL5J resulting in a sizable uncertainty 
for the branching ratios. Fortunately, these uncertainties partially cancel in the po- 
larization fractions which can therefore be predicted with greater accuracy, i.e. the 
integrated longitudinally polarized fraction is predicted to be (-Fi)sM = 0.54±0.01 [3]. 

In the case B — )■ Kuu a combined analysis with B Ki~^i~ has recently been 
proposed [4j. It allows to drastically reduce form factor uncertainties in the ratio 
of the two branching ratios once the narrow resonance region in — )■ Ki~^i~ has 
been removed using appropriate cuts in di-lepton invariant mass. Namely, although a 
new form factor (/j-) associated with the photonic penguin operator matrix element 
enters the theoretical prediction for the B — )■ Ki~^i~ rate, it can be related to the 

form factor determining B — )■ Kuu in both the hard (when — Tas/'i in the 
B frame) and soft (when |p^| ~ 0) kaon limits at leading order in the heavy quark 
expansion and up to perturbative QCD corrections |H |T6j. The remaining power 
corrections and so called weak annihilation contributions can be estimated using 
QCD factorization at small s [17], while broad resonance contributions at high s have 
been estimated using a sum over few states. Consequently, one can define the ratio 
R = Br{B~ — )■ K'uu)/ Br{B~ — )• K~i~^i~) in which the form factor normalization 
uncertainty almost completely cancels, leading to a precise SM prediction R^m = 
7.59^043 [4j, where the stated uncertainty is dominated by an estimate of higher 
order perturbative QCD corrections. 

Another potential source of uncertainty for the B^ K^*^^^^ modes comes 
from the leptonic decays B^ t^v with the tau subsequently decaying as r"*" — )■ 
K^*"^^!^ [18j. Although such contributions are formally of the order such suppres- 
sion is compensated by the narrow 0{Gy) width of the tau lepton when it goes on- 
shell. Furthermore, such tau-pole contributions, when integrated over the unmeasured 
neutrino momenta, cover most of the total phase space available in B^ — )■ K^*'>^i'i' 
and exhibit no resonant features that would distinguish them from the short distance 
contributions. In fact, such tree-level tau-mediated long distance (LD) contributions 
yield 98% of the B^ — )■ -k^vv rate in the SM. And although they are Cabibbo sup- 
pressed for the B^ — t- K^*^^uh' modes, they still result in 12%(14%) enhancements 
in the total rates. They also affect the inclusive B^ — )■ XgUv mode. Fortunately, 
with enough data on B ^ ru, the tau-pole contributions to B^ K'-*^~^uu could be 
subtracted experimentally [1] since approximately [18] 

Br{B+ ^ K^*^+vv\y^ ^ Br{B+ -> r+i/) x fir(r+ ^ K^*^^v) . (6) 

Alternatively, they can also be computed and added to the theoretical prediction. 
This approach introduces parametric uncertainties due to the B meson decay constant 



3 



and the \Vub\ CKM matrix element entering the prediction for Br{B^ — ^ r+z/) . 
Presently, the resulting additional uncertainty on Br{B^ — )■ K^*^^vi') is of the order 
3% (4%) respectively [H]. 

4 New Physics Sensitivity 

The four observables accessible in the three different 6 — )■ sz/z/ decays depend on 
the two in principle complex Wilson coefficients and . However, only two 
combinations of these complex quantities enter the relevant formulae and are thus 
observable. These are [6l [19] 

^ ^/\Cl? + \CU' ^ -RejClC^n*) 

I(Q)sm| ' ^ \Cl? + \Cl\'' 

The experimental measurements of the branching ratios and F^, can thus be trans- 
lated to excluded areas in the e — r] plane, where the SM corresponds to (e, 77) = (1, 0). 
An important feature of Fi in such an analysis is that it only depends on [3] , meaning 
that any deviation from the SM would imply the presence of right-handed currents. 

4.1 Minimal Flavor Violation 

In minimal flavor violating (MFV) scenarios [20] , only can receive significant new 
contributions which are furthermore universal between b s/dvv modes. Further- 
more, in models in which the bottom Yukawa effects can be neglected (i.e. models 
with a single Higgs boson or multi-Higgs models where the bottom Yukawa remains 
much smaller than the top), effects m. h ^ s/ dvv transitions can be correlated with 
s ^ dvv modes [21]. In particular, the existing measurement of Br{K^ — )■ tt^uu) 
already constrains Br{B — )■ K^*^^!?) to be within an order of magnitude of the SM 
values [22] . However even in these most constraining scenarios, present direct bounds 
on Br{B — )■ Kvv) are already stronger and thus represent a valuable constraint on 
such new physics (NP). 

4.2 Modified Z-penguins 

A complementary effective approach to NP in Z-penguin amplitudes considers possible 
modifications of the hsZ coupling [23j. This leads to strong correlations with other 
rare B decays, such as Bs — )■ and B — )■ In particular the present 

measurements of Br{B — t- X^^+f") already constrain h — t- svv rates to be within a 
factor of two compared to SM predictions, unless several possible NP contributions to 
B — >■ Xs^'^^~ conspire to reduce their combined effect in this mode [5]. In a particular 
example [21], motivated by the resolution of the S'^^ puzzle, new right-handed sources 
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of flavor violation are introduced, modifying the bsZ couplings accordingly. Then, 
the existing bounds from B — )■ X^f+f" predict a strong anti-correlation between the 
B — 7- K^*^^^ rates - only one of the two is expected to be enhanced. 

4.3 Minimal Supersymmetric Standard Model 

In the Minimal Supersymmetric Standard Model (MSSM) with a generic flavor vio- 
lating soft sector there are various new contributions to the b — )■ suu transition and 
one might expect that large effects are possible. However, once the existing con- 
straints coming from other flavor changing processes are applied, the effects in 
and particularly in turn out to be quite limited in the MSSM. In particular, gluino 
contributions to both ^ are highly constrained by the b ^ s'y decay and have only 
negligible impact |6l |25]. Similarly tan /9-enhanced Higgs contributions to are 
constrained by Bg — )■ fJ''^fi~ [3]. Finally, the largest contributions can be generated 
with up-squark - chargino loops with a single (5^^)32 mass insertion [231 EE] . They 
only affect and can, after taking into account existing bounds from B — >■ Xgj, 
B — 7- Xsi~^i~ and Arris/ Arrid, enhance or suppress the b — > suu rates by at most 
35% [3j . Larger deviations still seem to be possible if R-parity violating interactions 
are introduced [27] . 

4.4 Light long-lived neutral particles 

Neutrinos are not detected in present experiments probing b — )■ s/dpi' decays. Con- 
sequently various NP contributions with light neutral long-lived particles in the final 
state can mimic the experimental signature. However, due to the modifications in- 
duced by such contributions, relations between the observables and the parameters e 
and r] derived for pure b — )■ sjdvv decays will then no longer hold. The presence of 
such contributions would therefore be signaled by the failure of the individual con- 
straints on the e — r] plane in meeting at a single point [3] . Alternatively, if the new 
invisible particles have sizable masses, they would also manifest themselves through 
characteristic kinematical edges in the measured spectra. In turn, such spectral fea- 
tures need to be taken into account when interpreting existing experimental searches 
in terms of bounds on the effective operators coupling invisible particles to the bs 
currents [28] . Firstly because of kinematical cuts used to suppress backgrounds, but 
also to some extent because reconstruction efficiencies may depend on the final state 
kaon and/or pion momenta. Traditionally, experimental searches [I3] have relied on 
SM predictions for the spectra to extract bounds on the b — > sjdvv decay branching 
ratios, but the B — > K*vv BaBar analysis [H] presents an example of how such model 
dependencies can be minimizecil]- 

^The author thanks Francesco Renga for instructive clarifications on this point. 
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5 Conclusions 



The b — )• suu transitions are sensitive probes of NP in the form of non-standard Z 
penguin effects {h ^ dvu decays of charged -B's on the other hand are dominated by 
LD tau pole contributions). They involve four experimentally accessible observables, 
among which the inclusive rate of I? — )■ XsVv is the most theoretically clean, but is 
challenging to study experimentally. Theory errors in exclusive rates are dominated 
by form factors' normalization uncertainties. They can be reduced in rate ratios 
like the K* polarization fractions in 5 — )■ K*!/!? or by studying the ratio Br{B~ — )■ 
K-vV)/Br{B- K-i+r). 

Measurable NP effects in b ^ s / d uu can be expressed in terms of two real param- 
eters and are generally correlated with other flavor observables. Although in principle 
even in MFV, NP can still saturate present direct bounds, in many explicit NP mod- 
els new effects are already constrained by other B physics observables to be much 
smaller. Finally, b — ?• s/dE^iss can receive contributions from particles other than 
neutrinos in the final state and strong modifications of the invariant mass spectra are 
possible. However, interpretation of such effects in terms of bounds on interactions 
of such new particles is nontrivial when experimental searches employ kinematical 
cuts or their signal reconstruction efficiencies depend on expected signal kinematical 
distributions. 
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